






References page 8

Malo, B.A. 1977, "Partial extraction of metals from aquatic sedi-
ments". Environ. Sci. Tech. 11:277-82.

Malouf. E.E. 1970 Bioextractive Mining. AIME. Short Course on
Bio Extractive Mining, Denver Colorado, pp. 100.

Manus, R. W., 1968. Experimental Chemical Weathering of Two Alkali
Feldspars. Ph.D. Thesis. University of Cincinnati. 100 p.

Mantoura, R.F.C., and Riley, J.P. 1975. The use of gel filtera-
tion in the study of metal binding by humic acids and related com-
pounds. Anal, Chim. Acta. 78: 193-200.

Maskaya, S.M., Drosdova, T.V., and Emelyanova, M.P. 1960. "Dis-
tribution of copper in peat and peat soils of the Belorussian SSR."
Geokhimiya. 6:630-43.

Merkel, R.H. 1972. "The use of resistivity techniques to delineate
acid mine drainage in ground water." Ground Water lQ.(5).

Mink, L.L., Willaims, R.E., and Wallace, A.T. 1972. "Effect of
early day mining operations on present day water quality." Ground
Water 10:17-26.

Molz, F.J., and Browning, D.V. 1977. "Effect of vegetation on land-
fall stabilization." Ground Water 15:409-15.

Mor, E.D., and Beccarid, A.M. 1975. "Behavior of copper in arti­
ficial sea water containing sulphides." Br. Corros. J. 10:33-38.

Morel, F., McDuff, R.E., Morgan, J.J. 1973. "Interactions and
chemostasis in chemical systems: role of pH, pE, solubility, and
complexation." In Trace Metals and Metal-Organic Interactions in
Natural Waters. P.S. Singer ed. Ann Arbor Science Publishers Inc.:
Ann Arbor, MI.

Morth, A.H., and Smith, E.E. 1966. "Kinetics of the sulfide to
sulfate reaction". l5lst National Meeting. Am. chern. Soc., Div.
Fuel Chern". Chern. Abstract. 66:7.

Systems:
and Shumate, K.S., 1972. Pyritic

U.S. EPA-R2-72-002 pp. 171.

Moussani, M. 1974. Autoxidation of Aqueous Sulfide in the Presence
of Phenols - Kinetics and Products. Ph.D. Thesis, University of
Southern California. CA.

MRRC. 1978. Pilot-plant Copper-nickel studies. (Project A -
Bulk floatation process) for Legislative Commission on Minnesota
Resources. (An Interim Report) MRRC 1969-c195.

~lurray, J .W. 1975. "The interaction of metal iQns at the manganese.
dioxide - solution interface." Geochim. Cosmochim. Acta. 39:505-19.

Nelson, M. 1977. "The Oxidation Dissolution of Ferrous Monosu1fides
and the Behavior of Associated Trace Metals. ph.D. Thesis, Stanford
University, Palo Alto, CA.

- 334 -



References

1979.

page 9

Personal communication.

Nicho11as, D. 1973. The chemistry of iron, cobalt and nickel in
Comprehensive Inorganic Chemistry. New York: Pergamon Press. Vol.
3. pp. 979-1162.

Nordstrom, O.K., Plymmer, L.N., Wigley, T.J., Wolery, T.J., Ball,
J.W., Jenne, E.A., Bassett, R.L., Crerar, D.A., Florence, T.M.,
Fritz, B., Hoffmann, M., Holdren, G.R., Lafon, G.M., Mattigod, S.V.,
McDuff, R.E., Morel, F., Reddy, M.M., Sposito, F., Thrailkill, J.
1979. "Comparison of computerized chemical mofels for equilibrium
calculations in aqueous systems." In Chemical Modeling in Aqueous
Systems, E.A. Jenne, ed. American Chemical Society, Washington, D.C.

Norman, R.O.C., Storey, P.M. 1971. "Electron spin resonance studies
Part XXXI. The generation, and some reactions, of the radicals
S03' S203' S=, and SH in aqueous solution." J. Chern. Soc. B.,
Phys. Org.

O'Brien, D.J. 1974. Kinetics of the Oxidation of Reduced Sulfur
Speices in Aqueous Solution. 'Ph.D. Thesis. University of Maryland.
pp. 125.

, Birkner, F. B. 1977. "Kinetics of oxygenation of
--,---0----::-_::_
reduced sulfur species in aqueous solution". Evniron. Sci. Technol.
11:1114-20.

Ong, H.L., Swanson, V.E. 1966. "Adsorption of copper by peat,
lignite and bituminous coal". Econ. Geo1. 61: 1214-31.

Ostlund, H.G., Alexander, J. 1963. "Oxidation rate of sulfide in
sea water, a preliminary study." J. Geophys. Res. 68:3995-97.

Paces, T. 1978. "Reversible control of aqueous aluminium and silica
during the irreversible evolution of natural waters." Geochim.
Cosmochim. Acta. 42:1487-93.

,1972. "Chemical characteristics and equilibration in--------natural water-felsic rock - CO 2 system." Geochim. Cosmochim. Acta.
d6:2l7-40.

Pankow, J.F. 1978. The Dissolution Rates and Mechanisms of Tetra-
gonal Ferrous Sulfide in Anoxic Aqueous Systems. Ph.D. Thesis.
California Inst. of Technology.

Pawlik, F.E. 1969.
Inst. Min. Metall.

" Research in pressure leaching."
pp. 632-54.

J.So. Afr.

Peachy, D., and Allen, B.P. 1977. "An investigation into the
selective dissolution of sulphide phases from stream sediments
and soils". J. Geochem. Explor. 8:571-77. Amsterdam: Elsevier
Sci. Pub. Co mp .

Peters, E. 1970. "Thermodynamic and kinetics factors in the leach-
ing of sulfide minerals from ore deposit and dumps. AIME Short

- 335 -



References page 10

Course on Bio-Extractive Mining, Denver, Colorado.

Petrovic, R. 1976. "Rate control infeldspar dissoltuion - II.
The protective effect of precipitates." Geochim. Cosmochim. Acta.
HO:1509-2l .

. Phillips, H.O., Kraus, K.A. 1963. "Adsorption of inorganic mater-
ials. V. Reaction of sulfide with copper (II), mercury (II) and·
silver (I)". J. Am. Chern. Soc. 85:486-487.

ials VI.
media".

1965. "Adsorption on inorganic mater-
Reaction of insoluble sulfides with metal ions in aqueous

J. Chromotog. 17:549-57.

Pickens, J.F., Cherry, J.A., Grisak, G.E., Merritt, W.F., and Risto,
B.A. 1978. "A multi-level device for ground-water sampling and
piezometric monitoring". Ground Water. 16: 322-27.

Pickering, Q.H. 1974. "Chronic toxicity of nickel to the fathead
minnow." J. WPCF. ~(4).

Poldoski, J .E., and Glass, G.E. 1975. Considerations of trace
element chemistry for streams in the Minnesota-Ontario border area."
International Conference on Heavy Metals in the Environment. Toronto,
Ontorio, Canada. pp. 901-22.

Prater, J.D., Queneau, P.B., and Hudson, T.J. 1970. "The sulfa-
tion of copper-iron sulfides with concentrated sUlfuric acid."
J. Metals. 22:23-27.

Rankama, K. 1950. Geochemistry. Chicago:
Chicago Press. pp. 677-87.

The University of

Rashid, M.A. 1972. "Role of quinone groups in solubility and com­
plexing of metals in sediments and soils." Chern. Geo!. pp.24l-47.

Reece, D.E., Felkey, J.R., and Wai, C.M. 1978. "Heavy metal pollu-
tion in the sediments of the Coeur d t Alene River, Idaho. Environ.
Geol. 2:289-93.

Reeder, S.W. Hitchon, b., and Levinson, A.A. "Hydrogeochemistry
of the surface waters of the Mack~nzie River drainage basin, Canada-I.
Factors controlling inorganic composition." Geochim. Cosmochim.
Acta. 36:825-65.

Rehwo1dt, R., Bida, G., and Nerrie, B. 1971. "Acute toxicity of
copper, nickel and zinc ions to some Hudson River fish species."
Bull. Environ. Contam. Toxicol. 6:445-48.

Reilly, I.G., Scott, D.S. 1976. "The leaching of cupric sulfide
in ammonia." Md. Eng. Chern., Process Des. Dev. 15:60-67.

Reuter, J.H., and Perdue, E.M. 1977. "Importance of heavy metal-
org~nic matter interactions in natural waters". Geochim. Cosmochim.
Acta. 41:325-34.

- 336 -



References page 11

Richard,D.T. 1969. "The chemistry of iron sulfide formation at
low temperatures." Stockholm Contr. Geol. 20: 67-95.

Richard, R.S. 1974. "Chemical constraints on in-situ leaching and
metal recovery." Sol. Mining Symp. AIME. pp. 185-192.

Rivett, L.S., and Oko; V.M. 1971. "Tailings disposal, generation
of acidity from pyrrhotite and limestone neutralization of waste­
water at Falcon bridge's Onaping mines." The Can. Min. Metal1. Bull.

Roberts, W.M.B., and Buchanan, A.S. 1971. "The effects of tempera-
ture, pressure and oxygen on copper and iron sulphides synthesized
in aqueous solution." Min. Deposita, ~:23-33.

Roman, R.J., Benner, B.R., and Becker, G.W. 1974. "Diffusion
model for heap leaching and its application to scale-up." Soc.
Min. Eng. Trans. 256:247-56.

Sato, M. 1960a. "Oxidation of sulfide ore bodies,
envi ronments in terms of Eh and pH~'. Econ. Geol.

I. Geochemical
55:928-61.

1960b. "Oxidation of sulfide ore bodies, II. Oxida­
tion mechanisms of sulfide minerals at 25 0 c." Econ. Geo1. 55: 1202-31.

1966. "Half-cell potentials of semi-conductive
simp 1 e binary sulphid es in aqueous sol ut ion. " E1 ec t roc him. Act a.
11:361-73.

Saxby, J.D. 1973. "Diagenesis of metal-organic complexes in sedi­
ments, formation of metal sulphides from cystine complexes." Chem.
Geol. 12:241-48.

Schalscha, E.B., Appelt, H., and Schatz, A. 1967. "Chelation
as a weathering mechanism - I. Effect of complexing agents on the
solubilization of iron from mineral and grandiorite." Geochim.
Cosmochim. Acta. 31:587-96.

, Michaelis, W., and Feitknecht, W.
-:---;-----~

keits produkte von metalloziden und hydroxiden."
Acta. 46:444.

1963. "Loslicht
Hevetica Chim.

Scott, T.R., and Dyson, N.F. 1968. "The catalyzed oxidation of
zinc sulphide under acid pressure leaching conditions." Trans. Met.
Soc. AIME. 242:1815-21.

Selmeczi, J.C. 1966. Evaluation of rate determining factors in
the oxidation of sulfides in water. Presented Before the Div. of
Water, air and Waste Chemistry. Am. Chem. Soc.

Shelly, I.R. 1975.
slag by leaching."

"Possible methods for recovering copper smelting
Inst. Min. Metall. pp. Cl-C4.

Shumate, K.S., Smith, E.E., and Brant, R.A. 1969. A model for
pyritic systems. l57th National Meeting Am.Chem. Soc. Div. of
Fuel Chem. Prepr. 13: SO-58.

- 337 -



References page 12

Simons, C.S. 1964. Hydrogen sulfide as a hydrometa1lurgica1
reagent. Int. Symposium on unit process in hydrometa1lurgy. Vol.
24. Am. Inst. of Min. Met. Pet. Eng. Inc. London: Gordon and
Breach, Sci. Pub., Ltd.

Sin g e r, P. C., and Stumm, W. 1 9 70 . " Ac i d min e d r a ina g e : The rat e
determining s.tep". Science, 167: 1121.

Sj oberg, E. L. 1974. "A fundamental equation for calcite dissolution
kinetics". Geochim. Cosmochim. Acta. 40: 441-47.

Smith, E.E., Swanks, K., and Halko, E. 1969. Aerobic - anaerobic
oxidation of pyrite. l57th Nat. Meeting, Am. Chern. Soc. Div. of
Fuel Chern. Prepr. 13:68-78.

Spring, J. L., 1977. "Tropospheric oxidation H2S." Advances in
Environ. Sci. Tech. 7.

Sreeramamurthy, R., Menon, P.G. 1975. "Oxidation of H2S on active
carbon catalyst." J. Cata1. 37:287-96.

Steijans, M., and Mars, P. 1974. "The vote of sulfur trapped in
micropores in the catalysis partial oxidation of hydrogen sulfide
with oxygen." J. Catal. 35:11-17.

, , Verloop, A., and Derks, F. 1976. "The---::----.------".
mechanism of the catalytic oxidation of hydrogen sulfide. II.
Kinetics and mechanism of hydrogen sulfide oxidation by sulfur."
J. Cata1. 42:87-95.

Stenhouse, J.F., and Armstrong, W.M. 1952. "The aqueous oxidation
of pyrite." Can. ~lin. Met. Bull. 45:49-53.

Stevenson, R.J., Kreisman, P.J., and Sather, N.H. 1979. Geology
and mineralogy in Minnesota Environmental Quality Board Regional
Copper-Nickel Study. Vol. 3. ch. 1.

Stober, W. 1967. "Formation·of silicic acid in aqueous suspensio
of different silica modifications. Equilibrium concepts in Natura
Water Systems." Adv. Chern. Sev. 67. pp. 161-82.

Struempler, A.IV. 1973. "Adsorption characteristics of silver,
lead, cadmium, zinc and nickel on baron silicate glass, polyethylen
and polypropylene container surfaces." Anal. Chern. 45:225.

Stumm, IV., 1966. Redox potential as in environmental parameter;
conceptual significance and operational limitation. Internat. Conf.
on Water Pollution Research, 3rd, 1966, Munich, Proc. pp. 1-16.

Stumm, W., and Lee, G.F.
Ind. Eng. Chern. 53: 143.

1961. "Oxygenation of ferrous iron."

Tav.dy, Y., and Garrels, R.M. 1977. "Prediction of Gibbs energies
of formation from the elements -II. Monovalent and divalent metal
silicates." Geochim, Cosmochim. Acta. 41:87-92.

- 338 -



References page 13

Theis, T.L., Singer, P.C. 1973. The stabilization of ferrous
iron by organic compounds in natural waters in Trace Metals and
Metal-Organic Interactions in Natural Waters. Michigan: Ann Arbor
Sci. Pub.

__--:-_--;-_' Richter, R.O. 1979. "Chemical speciation of heavy
metals in power plant ash pond leachate." Environ. Sci. Techno!.
13:219-24.

Thorsen, B.
Minn. Dept.

1978. Ore Utilization by Thiobaccillus ferooxidans.
of Health.

Tor ma , A. E., and Sa ka g uchi, H. 1 9 78 . "R e 1at ion bet I'!e en the sol ubi 1 i t Y
product and the rate of metal sulfide oxidation by Thiobacillus
fer roo x idan s . " J. Fe rm e n t Te c hno I . 5 6: 1 75 .

Toth, S.J.
J.A.W.W.A.

196 8 . " Me tall ice 1em en t !

60:455-59.
inland ",aterways."

Toulmin, P. III, and Barton, P. Jr. 1964. "A thermodynamic
study of pyrite and pyrrhotite." Geochim. Cosmochim. Acta. 28:641-71.

Treybal, R.E.
Hill Book Co.

1968. Mass-Transfer Operations.
pp.717.

New York: ~1cGraw-

Trudinger, P.A.
Eng. 3: 13-25.

1971. "~I i c rob e s, met a 1sand mi n era 1s . " ~I in. Sci.

Vuceta, J., Morgan, J.J.
metals in fresh waters:
Environ. Sci. Technol.

1978. "Chemical modelling of trace
role of complexation and adsorption."

12: 1302-09.

Wadsworth, M.E.
minerals." Min.

1972. "Advances in the ~eaching of sulphide
Sci. Eng. 4:36-47.

Weiblan, P.W., and Horey, G.P. 1976. Textural and compositional
characteristics of sulfide ores from the basal contact zone of the
south Kawishiwi intrusion, Duluth complex, Northern Minnesota.
Proc. 37th Annual Mining Symp., U. of Minnesota, Minneapolis.

Wentnik, G.R., and Etzel, J.E. 1972.
soi!./I J.W.P.C.F. 44:1516-74.

"Removal of metal ions by

Wentz, D.A.
in Colorado,

1974. Effect of mine drainage on the quality of streams
1971-1972. Colorado Water Resources Circular No. 21.

Williams, R.E. 1975. Waste Production and Disposal in Mining,
Milling and Metallurgical Industries. Miller-Freeman Publications:
San Francisco.

Williams, R.E., Wallace, A.T., and Mink, L.L. 19 1. "Impa~t of a
well managed tailings pond system on a stream./I Min. Congo J.
57:48-56.

Wing, R.E. 1978. Processes for heavy metal removal from plating

- 339 -



References page 14

1

wastewaters. 1st Annual Conference on Advanced Pollution Control
for the Metal Finishing Industry, Lake Buena Vista, Florida.

Wollast, R. 1967. "Kinetics of the alteration of K-feldspar in
buffered solution at low temperature." Geochim. Cosmochim. Acta.
31:635-648.

- 340 -




